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Sunday, February 8, 2015 13amethylammonium, acetate and water[4]. With the removal of the previous am-
biguity brought by using water as both the hydrogen-bond donor and acceptor
fragment[2], improved screening results are seen using targets in the DUD data-
base in the extended SILCS-Pharm method. Validations of the protocol using
eight different protein targets show equal or better screening results when
compared with results using common docking methods such as DOCK or Au-
toDock, indicating the potential utility of the approach in rational drug design.
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Diverse classes of proteins such as molecular motors, enzymes, and active
transmembrane transporters function through large-scale conformational
changes. Computer simulations of these conformational transitions are chal-
lenging. A range of coarse-grained and biased simulation techniques have
been used to generate individual transitions or ensembles of transition pathways
but it has been difficult to compare pathways produced by different methods
and so to assess their relative strengths. We introduce a comprehensive method
(pathway similarity analysis, PSA) for quantitatively characterizing and
comparing macromolecular pathways. The Hausdorff and Frechet metrics
(known from computational geometry) are used to quantify the degree of sim-
ilarity between piecewise-linear curves in configuration space. We tested PSA
on a toy system to study the effect of temperature fluctuations (path roughness)
and dimensionality. We compare a sample of publicly accessible transition
pathway simulation servers and our own dynamic importance sampling
(DIMS) MD method for the closed-to-open transitions of the apo enzyme ad-
enylate kinase (AdK). PSA was applied to ensembles of hundreds of trajec-
tories of the conformational transitions of the transporter Mhp1 and of AdK
and diphtheria toxin, which were produced by DIMS MD and the Geometrical
Pathways algorithm. Clustered PSA enabled the selection of a small subset of
representative trajectories for further analysis. A strength of PSA is its use of
the full information available from the 3N-dimensional configuration space tra-
jectory, without requiring additional specific knowledge about the system. We
show how trajectory analysis methods relying on pre-defined collective vari-
ables such as native contacts or geometric quantities can be used synergistically
with PSA. We discuss the method’s potential to enhance our understanding of
transition path sampling methods, validate them, and ultimately help guide
future research toward deeper physical insights into conformational transitions.
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New protein design methods are needed to further improve the development of
protein-binding scaffolds. Repeat proteins are linear tandem arrays of structur-
ally similar building blocks, and they are established platforms for engineering
proteins inhibitors and biosensors. However, current sequence-based engineer-
ing approaches lack the possibility of customizing the overall shape of a binder
to its target molecule. Structure-based protein design offers a possibility of
optimizing the overall shape of engineered binding scaffolds to better match
their targets. We developed a protocol for the computational design of
shape-optimized binding scaffolds that can better match their targets. By
combining sequence optimization of existing repeats and de novo design of
capping structures, we designed leucine-rich repeat (LRR) proteins where the
building blocks assemble with a novel geometry. We validated the geometric
design approach by engineering an artificial donut-like ring structure con-
structed from ten self-compatible repeats. Characterization of the design con-
structs revealed that buried cysteines play a central role for stability and
folding cooperativity in certain LRR proteins. This may be used to selectively
stabilize or destabilize specific parts of a protein. The computational procedure
may now be employed to develop repeat proteins with various geometricalshapes for applications where greater control of the interface geometry is
desired.
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Guanine-rich regions of genomic DNA can spontaneously fold into secondary
structures called G-quadruplexes (GQs). Akin to tiny switches, GQs regulate
genetic processes through their folding and unfolding. Their interest to basic
science, as well as their potential as therapeutic targets for human diseases,
has motivated the creation of computational tools for their prediction.
Currently, GQ folding predictors are based on results from structural and
biochemical studies of GQ formed in single-stranded (ss) DNA. As a result, ex-
isting tools perform poorly when applied to the prediction of GQ formation in
double-stranded (ds) DNA, the native context within which genomic GQs are
found. Here, we present a probabilistic model of GQ formation, which is
learned from large-scale human genomic pull-down experiments and applied
to the analysis of gene ontological data. Advances in the characterization of
GQs in dsDNA have enabled us to integrate results from small-molecule bind-
ing assays and single-molecule FRET microscopy into our model. In order to
obtain training sets of sequences, we identified nearly 700,000 unique, potential
GQs and categorized them according to pull-down experiment outcomes.
Model parameters learned from these training sets agree with experimental
evidence and, when asked to predict the folding of dsDNA GQ sequences, out-
performed existing models of GQ folding. To further explore the model’s util-
ity, we screened potential GQ drug targets by selecting high-scoring sequences
for gene ontological analysis. Our results indicate that highly scoring sequences
are preferentially located near cancer-related genes. This tool can be applied to
genomic sequences to locate the most strongly forming GQs, revealing valu-
able information for the design of GQ-targeting therapies, and represents the
next step toward the practical, widespread use of GQs in medicine and
technology.
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Exploring the relationship of structure and function is crucial for the under-
standing of molecular life. Despite significant progress of experimental
methods, the structural characterization of important structures for both pro-
teins and RNA - typically preceding any detailed mechanistic exploration
of their function - remains challenging. In recent years, increasingly ubiqui-
tous availability of sequential information and novel statistical analysis has al-
lowed to trace the co-evolution of residues and predict contact maps. These
contact maps can be exploited in structure prediction tools. One maximum en-
tropy based approach is called Direct Coupling Analysis (DCA)[1] and, e.g.,
was found to be sufficient for the blind prediction of a protein complex[2]
and its active conformation[3] later confirmed by experiment. We have
successfully adapted this method to the specifics of RNA (rnaDCA): While
it is comparably simple to predict RNA secondary structure through
analyzing possible Watson-Crick base pairings, predicting tertiary contacts
has remained - despite significant effort - an elusive task met with limited suc-
cess. In contrast, our novel rnaDCA is able to extract tertiary contacts from
genomic data. We further demonstrate that these tertiary contacts are suffi-
cient to systematically improve tertiary RNA prediction quality[4]. Consid-
ering the large gap of known ncRNA sequences to experimentally resolved
tertiary structures, we are convinced that this will significantly impact all
structural RNA related research.
